Plant cell cultures selected for resistance to amino acid analogs and certain amino acid combinations often have elevated levels of the corresponding natural free amino acid (7, 14) . For example, leaves of Nicotiana tabacum plants which were regenerated from methionine sulfoximine-resistant cultures contained 5 times the normal levels of free methionine (3). If the increased amino acids are normally deficient in edible plant materials, the nutritional quality might be improved if plants can be regenerated which also accumulate the free amino acids (19).
droxyproline, were obtained by screening excised mature embryos in sterile culture with inhibitory concentrations (9) . Leaves of plants homozygous for the resistance trait contained up to 6 times the normal free proline levels.
In the reports where amino acid overproduction was noted at the whole plant level, the biochemical basis for this alteration was not determined.
The study presented here was carried out with haploid Datura innoxia cell cultures to eventually determine if (a) the biochemical nature and degree of resistance are similar in many 5MT-resistant lines, (b) the 5MT resistance is expressed in plants regenerated from the selected cell lines, and (c) the resistance trait is inherited and by what mechanism.
MATERIALS AND METHODS
Cell and Tissue Culture. A suspension culture (denoted DX) initiated from haploid Datura innoxia Mill. plants was cultured in DM-I medium containing 2.5 ,UM 2,4-D as described previously (1 1) . All suspension cultures were subcultured at 4-d intervals by a 1 to 4 dilution (300-400 mg fresh weight/ml inoculum) into fresh medium.
Shoot development was promoted by either transferring a small piece of callus (about 200 mg) or 1 ml of a 4-d-old suspension culture onto DM-l medium containing 2.5 ,AM BA with 0.8% Difco Bacto-Agar. Shoots were rooted on agar-solidified Murashige and To test for auxin autotrophy, callus was serially subcultured on solid DM-l medium lacking hormones.
Mutagenesis and Selection. Four-d-old DX suspension cultures were treated with several presumptive mutagens (Table I) by adding 2 ml or less of the respective chemical, filter-sterilized in culture medium, to 40 ml of cell suspension. After 24 h, the culture was harvested on Miracloth, washed with fresh culture medium, and resuspended in 60 ml fresh medium. After 48 h, a sample of cells was taken for viability determination using phenosafranin exclusion (16) . In 4 to 7 d, the cells were washed with 100 ml culture medium, their viability determined, and plated at 20 mg fresh weight/ml in DM-l medium with 0.8% agar and 45.8 ,UM 5MT in 100 x 15 mm Petri dishes. After 3 to 5 months incubation at 28°C in darkness, the growing, presumptive 5MT-resistant colonies were picked and subjected to further analysis. The variants described here were denoted by an abbreviation of the preselection chemical (Table I) AS was extracted and measured using a modification of the method of Widholm (17) . Tissues were disrupted by homogenization in a glass-glass homogenizer in 1 volume of buffer followed by passage through a nitrogen pressure bomb (three times) at 0 to 4°C. After removal of cell debris by centrifugation for 10 min at 27,000g, 1 volume of supernatant was mixed with 2 volumes of saturated (NH4)2SO4, and kept on ice for 5 min, and centrifuged again. The resulting pellet was redissolved in one-half volume extraction buffer and was used for protein determination by the biuret method (5) and for assaying AS activity using an AmincoBowman spectrophotofluorometer (340 nm excitation and 400 nm emission). Anthranilate formation was measured by continuous After removal of the HC1, both root tips and suspensions were stained with 10% modified carbol fuchsin (8) .
RESULTS
Many colonies were recovered in several different experiments when D. innoxia cells were plated in medium containing growth inhibitory levels of 5MT (Table I ). The frequency of appearance of colonies was 2.1 to 14.5 x 10-8 cell -' (mean of 5.3) when no treatment with presumptive mutagens was used. Treatment with 50 ,ug/ml (0.34 mM) of the known mutagen NSG or the presumptive mutagens strychnine sulfate or tetrachloroethylene at 1 mm increased the resistance frequencies to 30, 47.5, and 21 x 10-8, respectively. Chloroform, trichloroethylene, maleic anhydride, cadmium chloride, carbon tetrachloride, and 8-hydroxyquinoline treatments had little or no effect on resistance frequency.
All putative resistant colonies when retested on medium with 5MT continued to grow while wild type calli were inhibited. Suspension cultures initiated from these colonies likewise showed resistance to 5MT even after being grown for 30 to 50 generations in medium lacking 5MT (Figure 1) . As a general test, the resistant lines, after growth away from 5MT for 30 to 50 generations, were grown in 137 AM 5MT (Table II) (Table II) .
Representative tryptophan inhibition profiles of AS activity from extracts of suspension cultures (Fig. 2) and leaves of plants regenerated from variant lines (Fig. 3) showed that, in all cases, the variants possessed an AS less sensitive to inhibition by tryptophan. The interpolated ,UM tryptophan concentration for 50% inhibition of AS activity from suspension cultures varied from 5 to 40 ,UM in the variants, while 1.7 ,tM tryptophan caused a 50% inhibition of the wild type AS activity (Table II) . There was Analyses of both suspension cultures and leaves from regenerexcellent agreement between the ,uM tryptophan concentration ated plants showed that free tryptophan was increased in the required for 50% inhibition of AS from cell cultures and from selected lines when expressed either as nmol/g fresh weight or as leaves of plants regenerated from the same cell line (Table II) . mol % of total free amino acid (Table IV) . The smallest increase There was, however, no evident relationship between percent noted was 3-fold in the NSG-2/1 plants. The level of no other control growth at 137 fLM5MT and theum tryptophan concentra-amino acid, either in the cell lines or plants analyzed, was so tion for 50% inhibition of control AS activity. The tryptophan consistently altered. Variability in total nmol free amino acids inhibition profiles of AS from leaves of three different plants occurred in cell cultures, and the leaves of plants regenerated from regenerated from the same variant cell line (MT-2) were also variant cultures contained less total free amino acids than the wild similar (Table III) Previous studies with D. carota (13, 18) and S. tuberosum (18) showed that 5MT-resistant cell lines which accumulated high levels of free tryptophan often were auxin-autotrophic. The tryptophan-induced autotrophy could be explained by the precursor relationship of tryptophan to IAA, a naturally occurring auxin (12) . None of the 79 SMT-resistant D. innoxia lines selected here were auxin-autotrophic, however.
Some of the regenerated plants are fertile and have produced seeds, so a determination of if and how the resistance trait is inherited will be made. That the trait is caused by a mutation is, however, supported by several observations. The variants were present in low frequency in the normal population, and this frequency could be increased by treatment with the known mutagen NSG and other presumptive mutagens (strychnine sulfate or tetrachloroethylene). The trait was stable in cells grown away from the inhibitor, could be passed into regenerated plants and back to cultured cells. An altered gene product, feedback-altered AS, could be measured as well.
